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© Sensor of the diode typa 



© Sensor of the diode type for sensing to what 
extent one or more gases ara present, comprising: a 
semiconducting substrate of a first conductivity type 
which is provided with a contact electrode; a layer of 



semiconducting material of the other conductivity 
type, wherein a heteroju notion is formed between the 
substrate and the layer; and one or more contact 
parts arranged on this layer. 
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There is a world-wide search under way for * 
sensitive and rapidly responding sensors for sens- 
ing the presence of one or more gases (or vapours 
and the like). Such a sensor is d scrib d in th 
European patent application EP-A2-299780. 

The present invention has for its object to 
provide a new sensor, wherein a heterojunction is 
used for sensing to what extent one or more gases 
are present. 

The present invention provides a sensor as 
according to claim 1 . 

First results have shown that such a sensor 
already displays a degree of sensitivity adequate 
for practical purposes at temperatures in the vi- 
cinity of ambient temperature. 

The present invention further provides a meth- 
od for manufacturing such a sensor. 

Further advantages, features and details of the 
present invention will be elucidated in the light of a 
description of a preferred embodiment thereof, 
wherein reference is made to the annexed drawing, 
in which: 

Fig. 1 shows a view in section of a preferred 
embodiment of a sensor according to the 
present invention; 

fig. 2A-2G show schematic views in section of 
the successive method steps for manufacturing 
the preferred embodiment of fig. 1; and 
fig. 3 shows a graph of a measured characteris- 
tic of the preferred embodiment of fig. 1 . 
The preferred embodiment shown in fig. 1 of a 
sensor 1 according to the present invention com- 
prises a contact electrode 2 preferably of alumin- 
ium (or another conducting material such as gold) 
which is arranged beneath a P-type Si-substrate 3 
onto which, between regions 4 of insulating ma- 
— terial~such _ as Si0 2 ^(or "another insulator such ~as~~ 
SiaN+J, are applied Sn regions 6 of Sn0 2 , above 
which are arranged electrodes or contact parts 7 of 
finger shape, preferably of Pd (Palladium) or an- 
other metal or conducting semiconductor material 
which in preference has catalytic properties and 
makes good contact with Sn02. 

The material Sn0 2 is an N-type semiconductor 
with a large band gap (3.4 eV). The metal, prefer- 
ably Pd, has a catalytic effect on the gas for 
sensing from which hydrogen atoms are released 
which penetrate into the Sn0 2 . If hydrogen atoms 
enter the Sn02, conducting electrons are released 
therein, whereby conduction increases, or the con- 
tact potential between Sn0 2 and the P-type sub- 
strate. This phenomenon will already occur at a 
comparatively low temperature such as room tem- 
perature (300K). 

The sensor 1 is preferably manufactured in the 
following manner: 

- to a P-type substrat 10 (fig. 2A) with a band 
gap of about 1.1 eV (resistivity 1-10 Q.cm) 



provided with a layer of insulating material 11 
is applied a layer of photoresist 12 (fig. 2B) 
whereafter using a mask 13 a portion of the 
photor sist is illuminated and xpos d parts 
s of the SIO are etched away (fig. 2C); 

- a layer of tin (Sn) is then sputtered thereon. 
After removal of the remaining photoresist 
and tin by means of a lift-off process and 
thermal treatment in an oxygen-containing 

70 environment there results an Sn02 region 14 

(fig. 2D): 

- a layer of photoresist 15 (fig. 2E) is subse- 
quently applied over the structure, 
whereafter, following illumination with a mask 

75 16 (fig. 2F) and subsequent developing, the 

- pattern is created for the vapour deposition of 
the finger-shaped Pd structure 17 (fig. 2G), 
wherein a contact part 18 of Al (aluminium) is 
arranged at the rear. 
20 The measured voltage characteristic of the di- 
ode structure of fig. 1 and 2 in relation to the 
current is shown in fig. 3, in which the curve Ci 
indicates the characteristic in air while the curve C2 
is measured in a hydrogen environment, both at 
25 50 'C. 

It has been determined experimentally that the 
diode characteristic is caused by the heterojunction 
between P-type Si and the N-type Sn0 2 . 

It has also been demonstrated experimentally 

30 that the measured values are sufficiently indepen- 
dent of the ambient temperature to perform suffi- 
ciently sensitive measurements on the concentra- 
tion of the gases present. 

The present invention is not limited to the 

35 embodiment described. Other possible materials 
with a large band gap are ln 2 03. lnT 2 0, InSb and 

— '— ITOrwhereih~particularly"ITO"(indium tin-oxide) has" 
the further advantage that it is transparent for visi- 
ble light and displays a screening action for in- 

40 frared radiation. Nor is the present invention limited 
to the described method for applying the Sn0 2 
regions: 

- Sn0 2 can be applied by means of CVD tech- 
niques (gas phase) or using sol-gel tech- 

45 niques, or by means of reactive sputtering or 

vapour deposition. 

- instead of using the lift-off process, tin depo- 
sition can take place via vapour deposition or 
sputtering followed by thermal oxidation. 

50 

Claims 

1. Sensor of the diode type for sensing to what 
extent one or more gases are pr sent, com- 
55 prising: 

- a semiconducting substrate of a first con- 
ductivity type which is provided with a 
contact electrode; 
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- a layer of semiconducting materia! of the * 
other conductivity type, wherein a 
heterojunction is formed between the 
substrate and the layer; and 

■ one or more contact parts arranged on s 
this layer. 

2. Sensor as claimed in claim 1, wherein the 
semiconductor substrate comprises P-type Si 

and the semiconducting layer comprises ma- ;o 
terial from the group Sn02, I^Oa, lnT2 0 and 
InSb. 

3. Sensor as claimed in claim 1 or 2, wherein the 
contact parts are formed from Pd. is 

4. MethbcT for manufacturing the sensor as 
claimed in any of the claims 1-3. 

5. Method as claimed In claim 4, wherein the 20 
layer of semiconducting material is formed by 
sputtering oxidized metal, preferably Sn, onto 

the substrate. 
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